Background: Chemical, physical and psychological stressors due to the 2010 Deepwater Horizon oil spill may impact coronary heart disease (CHD) among exposed populations. Using longitudinal information from two interviews in the Gulf Long Term Follow-up (GuLF) STUDY, we assessed CHD among oil spill workers and community members. Objective: To assess the associations between duration of oil spill clean-up work, residential proximity to the oil spill, and incidence of self-reported myocardial infarction or fatal CHD. Methods: Among respondents with two GuLF STUDY interviews (n = 21,256), there were 395 first incident heart disease events (self-reported myocardial infarction or fatal CHD) across 5 years. We estimated hazard ratios (HR) and 95% confidence intervals (95%CI) for associations with duration of oil spill clean-up work and residential proximity to the oil spill. To assess potential impacts of non-response, we compared covariate distributions for those who did (n = 21,256) and did not (n = 10,353) complete the second interview and used inverse probability (IP) of censoring weights to correct for potential non-response bias. Results: Living in proximity to the oil spill (vs. living further away) was associated with heart disease, with [HR (95%CI) = 1.30(1.01-1.67)] and without [1.29(1.00-1.65)] censoring weights. For work duration, hazard of heart disease appeared to be higher for those who worked > 180 days (vs. 1-30 days), with and without censoring weights [1.43(0.91-2.25) and 1.36(0.88-2.11), respectively]. Associations persisted throughout the 5-year follow-up. Conclusions: Residential proximity to the spill and duration of clean-up work were associated with a suggested 29-43% higher hazard of heart disease events. Associations were robust to censoring.
Introduction
The 2010 Deepwater Horizon oil disaster was the largest marine oil spill in history. The spill began April 20th, 2010 when the Deepwater Horizon drilling rig exploded and sunk. Over 200 million gallons of crude oil were released into the Gulf of Mexico in the following months. The oil spill response and clean-up, which involved more than 100,000 workers, began at the start of the oil spill and continued through the end of 2010 (Kwok et al., 2017a) .
During the oil spill response and clean-up, workers may have faced physical stress as well as chemical exposures from hydrocarbons volatilizing from fresh oil, combustion products from burning crude oil and flaring of natural gas, emissions from the equipment and machinery used during the clean-up, and chemical dispersants (Kwok et al., 2017a; Middlebrook et al., 2012; Stewart et al., 2018) . Exposures to some of these pollutants, including particulate matter and volatile organic chemicals, have shown associations with risk of coronary heart diseasestress in the wake of the oil spill (Gould et al., 2015; Peres et al., 2016) . Local industries including fishing and tourism were disrupted for months following the spill (Shultz et al., 2015) , and loss of income may have contributed to psychosocial stress in these communities. Psychosocial stress can impact risk of cardiovascular diseases by accelerating progression of atherosclerotic plaques (Rozanski et al., 1999) . Thus, the physical and emotional stress caused by the oil spill may have contributed to an increased risk of CHD.
It is unknown whether exposures to pollutants or physical stressors during the oil spill may affect risk of heart disease over time. Short-term increases in ambient particulate matter concentrations increase risk of cardiovascular events and overall mortality acutely, but the persistence of these associations remains unexplored . A study of the Prestige oil spill found that respiratory symptoms among clean-up workers persisted up to 5 years after the spill (Zock et al., 2012) . Studies of Hebei Spirit oil spill workers (Gwack et al., 2012) and United States Coast Guard deployed to work on the Deepwater Horizon spill (Alexander et al., 2018) have shown that longer durations of oil spill work were associated with increased respiratory symptoms. Despite the reported associations between oil spill work and persistent respiratory effects, no research has assessed incidence of cardiovascular diseases or other chronic health outcomes among oil-exposed populations.
The Gulf Long Term Follow-up (GuLF) STUDY is the largest study of the health impact of oil spills (Kwok et al., 2017a) and is the first study to assess heart disease among individuals exposed to oil spills. We have used longitudinal information from the GuLF STUDY to assess associations between duration of clean-up work, living in proximity to the oil spill, and self-reported myocardial infarction and fatal coronary heart disease up to 5 years after the oil spill. We also assessed predictors of non-response to the GuLF STUDY second interview and accounted for this attrition in our analyses.
Methods

Study population
The GuLF STUDY is a prospective cohort study of individuals who worked on, or had trained to work on, clean-up of the 2010 Deepwater Horizon oil spill (Kwok et al., 2017a) . Participants in the study include individuals aged ≥ 21 years who completed mandatory oil spill safety training in order to take part in the oil spill response and clean-up as well as government workers and oil industry professionals who were living in the United States at the time of enrollment.
Recruitment began approximately 11 months after the start of the oil spill, in March 2011, and continued until May 2013. From a list of 62,803 presumably unique names with sufficient contact information, a total of 32,608 participants were enrolled and completed the first study interview. Of the enrolled participants, we excluded from the present analyses 999 individuals who completed a Vietnamese language abbreviated version of the questionnaire that did not collect complete information on oil spill clean-up jobs. Of the 31,609 participants who enrolled in the study and completed the full interview, 21,256 (67%) completed a second telephone interview in 2014-2016, two to three years after their first interview.
Exposure and outcome measures
All oil spill-related exposures and clean-up tasks were assessed during the first interview. Health outcomes were assessed during the first and second interviews. The exposures of interest in this report are duration of participation in oil spill clean-up work and home residence in an area proximal to the oil spill. Dates of initiating and ending cleanup work were self-reported by participants, as was their county or parish of residence at the time of enrollment. Work duration was defined categorically, based on the distribution of duration of oil spill work, as 1-30 days, 31-90 days, 91-180 days and > 180 days. Analyses of work duration included clean-up workers only, whereas analyses of residential proximity to the oil spill included both workers and nonworkers. Residential proximity to the oil spill was defined as "direct or indirect" for participants living in or adjacent to a county that had coastline oiled from the spill and "away from the spill" for participants living elsewhere in the Gulf region or in another part of the US. We grouped coastal and adjacent counties because these areas were likely to have been similarly impacted by loss of income and community stress due to the oil spill, and living in or adjacent to a county affected by the oil spill was associated with mental health symptoms following the spill (Kwok et al., 2017b) .
The outcome of interest is the incident occurrence of a first heart disease event, defined as a self-reported myocardial infarction (MI), or a fatal CHD event ascertained from death certificates. During the first and second interviews, participants were asked if they had ever received a diagnosis of a heart attack or MI and, if so, the month and year of their first MI diagnosis. Participants who reported an MI occurring before clean-up work (n = 610) were excluded from the analyses.
Deaths due to CHD were ascertained from the National Death Index (NDI) for the entire enrolled cohort through December 31st, 2014, the latest date for which complete NDI data were available. International Classification of Diseases, 10th Edition (ICD-10) codes indicating ischemic heart disease as a cause of death (I20-I25) were counted as fatal CHD cases.
Risk period for heart disease events
The time at risk for a heart disease event was based on calendar time and was determined differently for analyses including all study participants and for analyses among clean-up workers only. For analyses of residential proximity to the spill and heart disease, participants were at risk for a self-reported first MI from the date that the oil spill began (April 20th, 2010) ; for analyses of work duration and heart disease, the risk period began at initiation of oil spill clean-up work, which was between April and July 2010 for most participants. For all analyses, the risk period for a self-reported MI ended at the earlier of the date of diagnosis of a first MI or the last GuLF STUDY interview that the participant completed. The risk period for a fatal CHD event began at the time of the enrollment interview, as participants had to be living to enroll in the study, and continued until December 31st, 2014. Only a participant's first reported MI diagnosis or CHD event was counted in this study.
Statistical methods
Censoring and predictors of loss to follow-up
Nonfatal MIs were censored if a participant who was at risk for a first MI, i.e. did not report an MI at the first interview, did not complete the second interview. We compared distributions of a broad range of factors plausibly related to the outcome and non-response, between those who did and did not complete the second interview. The factors that we assessed, determined by literature review and dependent on availability of data, included demographic (age; gender; ethnicity), lifestyle (cigarette smoking; alcohol consumption) and socioeconomic (income; education; employment status) covariates, as well as factors related to health at enrollment (prevalent myocardial infarction; prevalent hypertension; perceived health), and oil spill clean-up work characteristics (working on clean-up; duration of clean-up work; cleanup job type; exposure to burning oil; exposure to total hydrocarbons; and residential proximity to the oil spill.) We compared crude proportions of censoring across levels of each predictor variable. The magnitude and precision of these estimates were considered in order to assess the ability of each variable to predict non-response.
To describe the major predictors of non-response in our study, we fit a logistic regression model combined with a Least Absolute Shrinkage and Selection Operator (LASSO) approach (Tibshirani, 1996) . Briefly, LASSO is a penalized regression method that is often used for variable selection. The level of penalization was selected using Akaike's Information Criterion (AIC) (Akaike, 1992) using the SAS procedure HPGENSELECT (Yuan and Lin, 2006) . We began with a full model that included the following covariates: gender (male; female), age (20-29; 30-39; 40-49; 50-59; 60-64 ; ≥ 65 years), ethnicity (white; black; Asian;
other/multi-racial), income (≤ $20,000; $20,001-$50,000; > $50,000), highest education attainment (less than high school; high school diploma/GED; some college/2-year degree; 4 + year college graduate), current alcohol intake (yes; no), cigarette smoking (current; former; never), heavy cigarette smoking (currently smokes ≥ 1 pack per day; smokes < 1 pack per day or non-smoker), self-reported physician diagnosis of hypertension (yes; no), residential proximity to the oil spill (direct/indirect; away from the spill), maximum total hydrocarbon exposure during clean-up work (< 0.30 ppm; 0.30-0.99 ppm; 1.00-2.99 ppm; > 3.00 ppm), duration of clean-up work (1-30 days; 31-90 days; 91-180 days; > 180 days), employment status at the time of enrollment (working; temporarily laid off, sick leave or maternity leave; looking for work or unemployed; retired; disabled; keeping house; student; other), previous work on clean-up of another oil spill (yes; no), and ever being enlisted in the military (yes, now on active duty; yes, on active duty during the last 12 months, but not now; yes, on active duty in the past, but not during the last 12 months; no, training for Reserves or National Guard only; no, never served in the military). We then fit a logistic regression model with nonresponse as the dependent variable, conditional on the variables selected by the LASSO procedure. We used this logistic model to estimate the concordance statistic, which quantifies the predictive accuracy of the model (Austin and Steyerberg, 2012) .
Estimating hazard ratios
We assessed the associations between work duration, residential proximity to the oil spill and heart disease in a time-to-event analysis (Cox, 1992) . We used inverse probability (IP) of censoring weights to weight the population that completed the second interview with respect to predictors of censoring, in order to estimate associations that would be observed in the absence of censoring (Cole and Hernan, 2008) . Each individuals' probability of censoring for the IP weights was estimated using a logistic model with censoring as the dependent variable and predictors of censoring as the independent variables. We used a causal diagram (Greenland et al., 1999) to determine the minimally sufficient set of predictors to be included in the IP censoring weights model (Howe et al., 2016) : age, education, residential proximity to the oil spill, duration of clean-up work, smoking, and maximum total hydrocarbon exposure during clean-up work (which was determined from a job exposure matrix described by Stewart and colleagues (Stewart et al., 2018) ). The probabilities output from the weights model served as the basis for the denominator for the IP censoring weights, and for stabilized weights, the numerator was the probability of being observed at follow-up (Cole and Hernan, 2008) .
We controlled for confounders using two separate methods: (1) by conditioning on the covariates in the regression model; and (2) by applying IP exposure weights. An adjustment set of confounders was determined using a directed acyclic graph (DAG) (Greenland et al., 1999) . For the analyses of work duration and heart disease, we adjusted for: gender (male; female), age (20-29; 30-39; 40-49; 50-59; 60-64 ; ≥ 65 years), maximum education attainment (less than high school; high school diploma/GED; some college/2-year degree; 4 + year college graduate), residential proximity to the oil spill (direct/indirect; away from the spill) and cigarette smoking (current; former; never). For the residential proximity to the spill analyses, we adjusted for gender, age, smoking, and maximum education attainment. We were unable to control for finer categories of smoking because of a substantial amount of missing data for pack-years of smoking among former smokers. Body mass index and self-reported prevalent hypertension were determined to not be confounders, and we did not adjust for these in any of the models; in addition, adjusting for these variables did not meaningfully change results (< 10% change in beta estimates).
The IP exposure weights were obtained by fitting a logistic regression model (for the categorical work duration variable, we used a multinomial logistic regression model) for the exposure with confounders as independent variables. We used stabilized weights, where the numerator was the probability of exposure, and the denominator was the probability output from the model (Cole and Hernan, 2008) .
Cox proportional hazards models (Cox, 1992 ) with a robust variance estimator were fit to estimate hazard ratios (HRs) and 95% confidence intervals (CIs) (Williamson et al., 2014) . We assessed whether each covariate met the proportional hazards assumption by modeling an interaction term between the natural log of time and each covariate in the model. We fit Cox models conditional on confounders, with and without IP censoring weights, as well as marginal Cox models, which controlled for confounders using IP exposure weights, with and without IP censoring weights.
To account for the fact that NDI data were censored before some participants had their second study interviews, we performed a sensitivity analysis where we administratively censored all participants on December 31st, 2014 (the date of last available NDI data); this analysis excluded 47 participants with an incident MI who gave their second interview on or after January 1st, 2015. We also performed a sensitivity analysis to assess associations with non-fatal MI only, in order to create a more uniform follow-up period. This analysis included 355 incident non-fatal myocardial infarction that were reported during the first or second study interviews, excluding fatal events (n = 48). Separate sensitivity analyses were restricted to fatal CHD events only (n = 40).
Cumulative incidence of heart disease
We generated IP exposure-and censoring-weighted cumulative risk plots to illustrate changes in the risk of heart disease over the study period, for the exposures of interest (Cole and Hernán, 2004) . The time scale for the risk curves was months since initiation of clean-up work for the work duration analyses, and months since April 20th, 2010 for the proximity to the spill analyses. To assess whether associations with heart disease changed across the study period, we estimated risks and risk differences of heart disease at 12 months, 24 months, 36 months and 48 months of follow-up. The risks were defined as the proportion of cumulative cases at the given month, divided by the total number at risk for heart disease at that time. Risks were determined from proportional hazards regression using the complement of the Nelson-Aalen estimate of survival, with IP exposure and censoring weights to account for confounders and predictors of censoring (Cole and Hernán, 2004 ).
Results
There were 31,609 participants who entered the cohort by completing the enrollment interview, including 24,375 clean-up workers. A total of 21,256 participants, including 16,814 clean-up workers, completed the second interview. Among the 21,256 participants who completed the second interview, 12,699 (59.7%) reported, at enrollment, that they lived in a county that we defined as proximal to the oil spill. Among the 16,814 clean-up workers who completed the second interview, 2063 (12.3%) worked for 1-30 days, 5293 (31.5%) worked for 31-90 days, 5735 (34.1%) worked for 91-180 days, and 3723 (22.1%) worked > 180 days.
Those who completed the second interview were more likely to be older, white, have a 2010 household income > $50,000, and were more likely to have completed 4 years of college (Table 1) . There were no differences in perceived health between those who did and did not complete the second interview, however those who completed the interview were slightly more likely to have reported a diagnosis of hypertension, to have reported a diagnosis of MI, to be a current drinker, and were less likely to be current smokers (Table 2) . Those who completed the second interview were also more likely to have worked on oil spill clean-up and were slightly more likely to have low total hydrocarbon exposure during clean-up, but there were no differences with respect to clean-up work tasks or job characteristics (Table 3) . Participants who had served on active duty in the military were also slightly more likely to have completed the second interview. Neither duration of clean-up work nor exposure to burning oil was associated with participation.
The LASSO selection method determined a final model that included covariates for age, completing 4 + years of college, and former smoking. The concordance statistic was 0.621, indicating moderate ability for this model to predict non-response.
IP censoring and exposure weights
For the work duration analyses (clean-up workers only), the mean and range of the stabilized IP censoring weights was 1.00, 0.62-2.85 with standard deviation 0.22. For the residential proximity to the spill analyses (workers and non-workers), the mean of the stabilized IP censoring weights was 1.00 and the range was 0.55-2.61, with a standard deviation of 0.22.
The stabilized IP exposure weights for work duration had a mean of 1.00 and a range of 0.48-2.72 with standard deviation 0.16. The stabilized IP exposure weights for residential proximity to the spill had a mean of 1.00 and a range of 0.54-5.67, with a standard deviation of 0.39.
Heart disease outcomes
Among 31,609 study participants, 355 reported incident first MI diagnoses that occurred after the participant began clean-up work (or after the start of the oil spill, for non-workers). Among clean-up workers who worked > 30 days, 9 reported an incident nonfatal MI within the first 30 days of clean-up work. In a sensitivity analysis, excluding these 9 cases from the analyses did not meaningfully impact results.
There were 347 deaths among the cohort during the study period. Of the total deaths, 316 were among participants who had not already reported a first nonfatal MI; 40 of these deaths were due to CHD. This analysis included a total of 395 first heart disease events, 355 of which were nonfatal and 40 which were fatal.
Time-to-event analysis
Hazard ratios for the associations of residential proximity to the spill, work duration and heart disease are presented in Table 4 . We observed a positive association between residential proximity to the oil spill and heart disease [marginal HR= 1.29 (95% CI: 1.00, 1.65)]. This association remained after accounting for censoring with IP weights [1.30 (1.01, 1.67)]. There were suggestive positive associations between work duration > 180 days (vs 1-30 days) and heart disease [1.36 (0.88, 2.11)], and these associations also did not meaningfully change after applying censoring weights [1.43 (0.91, 2.25) ]. Adjusting for having had to stop clean-up work due to heat did not meaningfully change the observed associations. The Wald test for a product term between time in study and each covariate showed no significant Proximity to the oil spill is defined as living in, or adjacent to, a county or parish with coastline oiled during the spill.
departures from proportional hazards (p > 0.10, results not shown). Cumulative risk curves for work duration and heart disease showed that risk was similar across the categories of work duration, especially during the earlier months of follow-up (Fig. 1) . The work duration categories 31-90 days, 91-180 days and > 180 days did not diverge substantially over time, but those who worked 1-30 days consistently had the lowest risk of heart disease across the study period. The risk difference for > 180 days of work (vs 1-30 days) ranged from 2 cases per 1000 workers at 12 months to 6 cases per 1000 workers at 48 months (Table 5 ). When examining risk of heart disease by residential proximity to the spill, risks appeared to be higher in the group living in proximity to the spill (Fig. 2) . The risk difference for living in proximity to the oil spill (vs living farther away) and heart disease was 1 case per 1000 workers at 12 months, and 5 cases per 1000 workers at 48 months (Table 5) .
Sensitivity analyses where we censored the cohort after December 31st, 2014 showed no meaningful change in associations for work duration and heart disease [marginal HR for > 180 days of work (vs 1-30 days): 1.45 (0.90-2.34)], or for residential proximity to the spill and heart disease [marginal HR: 1.39 (1.06-1.83)] (Supplemental table S1), compared to the main results in Table 4 . Risk differences for work duration and heart disease, and proximity to the oil spill and heart disease were also unchanged (Supplemental table S2). Analyses that excluded fatal CHD outcomes also did not show any meaningful changes in the observed associations for work duration [marginal HR for > 180 days of work (vs 1-30 days): 1.47 (0.91-2.36)], or for residential proximity to the spill [marginal HR for direct/indirect proximity to the spill (vs away from spill): 1.28 (0.98-1.67)] (Supplemental  table S3 ). Analyses restricted to fatal CHD and excluding self-reported MI showed comparable results, though with wider confidence intervals due to the relatively low number of fatal CHD events (Supplemental  table S4 ).
In a sensitivity analysis, we removed US Coast Guard and other federal employees who worked on the oil spill clean-up from the analyses, as these workers may be more physically fit or have more access to health care services compared to non-federally-employed workers. After first excluding the 2653 US Coast Guard, and then the total 4640 federally employed workers from the cohort, we did not see any meaningful changes in the HR estimates for work duration and heart disease [marginal HR for > 180 days (vs 1-30 days): 1.43 (0.91-2.24) excluding Coast Guard; 1.48 (0.92-2.40) excluding all federal employees]. We similarly did not see changes in the associations between residential proximity to the spill and heart disease [marginal HR for direct/indirect proximity to the spill (vs away from spill): 1.27 (0.99-1.64) excluding Coast Guard; 1.22 (0.95-1.58) excluding all federal employees], though the confidence intervals were wider compared to the analyses that included all participants (Supplemental tables S5 and S6).
Discussion
This study, conducted among a cohort of trained workers in the response and clean-up of the Deepwater Horizon oil spill, along with others who had registered for training but did not ultimately work on the clean-up, showed suggestively higher hazards of heart disease of 29-43% among those living in proximity to the oil spill or who worked on clean-up > 180 days. Risk differences for these associations ranged from 1 to 6 excess cases per 1000 workers over the 5-year study period. We assessed predictors of non-response to the second interview for the GuLF STUDY and used IP weights to account for these factors in our models. Those who completed the second interview were more likely to be white, older age, nonsmokers, to have completed at least some college, have income > $50,000, and to have worked on oil spill cleanup compared to participants who did not complete the second interview. However, there were no particularly strong predictors of nonresponse, and hazard ratios appeared to be robust to censoring. Though applying IP censoring weights did not meaningfully change the results, weighting the cohort to resemble the full enrollment cohort addressed potential bias due to informative censoring. This study showed a positive association between living in proximity to the spill and heart disease. This association may be driven by psychosocial stress caused by the oil spill, pollutant exposures, or other spill-related environmental factors. Other studies have shown that living in proximity to the Gulf oil spill is associated with acute health symptoms, and that affected communities faced economic and social hardships following the spill (Gould et al., 2015) . A study of women living in Southeast Louisiana who were physically, environmentally or economically exposed to the oil spill showed elevations in acute symptoms including wheezing and nausea, compared to unexposed women (Peres et al., 2016) . Living in or adjacent to a county oiled during the Deepwater Horizon oil spill was also shown to be associated with mental health symptoms (Kwok et al., 2017b) . Increased stress, anxiety, or other health symptoms may increase risk of an acute or future heart disease manifestation (Steptoe and Kivimaki, 2012) . There were also some health differences among those living in proximity to vs. away from the spill. At the enrollment interview, participants living in proximity to the spill reported a higher prevalence of hypertension compared to those living further away (18.7% vs 14.9%), which may contribute to the higher hazard of heart disease observed in this group.
Work duration showed a suggestive positive association with heart disease, however there was no clear exposure-response relationship. Oil spill clean-up work was often highly physically demanding, and workers endured hot temperatures and strenuous conditions. Workers who were, perhaps, less physically capable of this work or who had health limitations may have been more likely to work a short duration, or not at all. This could lead to differences in underlying health between those with shorter work duration compared to those with longer work duration. Similarly, those who worked for longer may be healthier and less predisposed to CHD than those who worked shorter durations. If this were to be the case, the associations with heart disease observed in our study for workers in the longer duration categories would be attenuated due to healthy worker survivor bias (Arrighi and HertzPicciotto, 1994; Buckley et al., 2015) .
Despite~33% non-response to the second telephone interview for the GuLF STUDY and differences between cohort members who did and did not complete the interview, we observed negligible impact of these differences on the estimated associations for duration of clean-up work and residential proximity to the oil spill in relation to heart disease. This is in accordance with what we anticipated, based on the fact that the associations between each predictor and loss to follow-up were generally weak (Tables 1-3 ). The censoring weights would be expected to have more influence on effect estimates in the presence of stronger predictors of loss to follow-up (Howe et al., 2011) . For the conditional hazard ratios, censoring weights may also not affect the estimates if the strong predictors of censoring are already adjusted for in the proportional hazards model. The robustness of our results to potential bias due to nonresponse increases our confidence in the generalizability of our results to the full GuLF STUDY cohort.
There are limitations of the IP censoring weights approach to address bias due to censoring, and we acknowledge that our results are specific to our chosen approach and the required modeling assumptions. One important assumption of our approach was that missing outcome data occurred at random within strata of the predictors included in the censoring weights models. Other unmeasured factors that we did not account for may have been associated with non-response. However, if non-response were random with respect to unmeasured factors within strata of the adjustment set for our censoring weights model, failure to account for unmeasured predictors would not bias our estimates (Westreich, 2012) . Overall, we believe it is unlikely that unmeasured factors would contribute substantial bias. Despite the fact that results were generally robust to censoring, use of IP censoring Proximity to the oil spill is defined as living in, or adjacent to, a county or parish with coastline oiled during the spill. * Adjusts for gender, age, smoking, and education. Work duration models also adjusted for residential proximity to the spill. ** Total N for non-censoring-weighted models is where all confounders (gender, age, smoking, education) are nonmissing. Total N for IP censoringweighted-models is where all confounders and predictors of censoring (gender, age, smoking, education, maximum total hydrocarbon exposure, and work duration) are nonmissing.
weights has been recommended as a means to interpret results as representative of the full cohort in the presence of non-random censoring of outcomes, a benefit of IP weighting that has been demonstrated in other work (Buchanan et al., 2014) .
This study relied on self-reported information on nonfatal MI, which is subject to errors in recall. Previous research in other populations has shown that recall of an MI diagnosis may be poorer among individuals > 75 years old, or those with less education (Yasaitis et al., 2015) , however the majority of the GuLF STUDY cohort was < 60 years old at enrollment, and more than half attended at least 2 years of college. Though agreement varies by study and by population, self-report of MI has shown moderate agreement with hospital discharge data (kappa = 0.64) (Heckbert et al., 2004) . Recall is also dependent on the time period for which disease is being ascertained, however this study focuses on a relatively short period (~5 years) during which a new diagnosis can occur. Misreport of MI diagnoses would be expected to be non-differential with respect to the exposures of interest and would bias results toward the null.
This study used National Death Index death certificate data to determine total mortality and CHD-related mortality in the cohort. Previous studies that have validated CHD-related cause of death in death certificates have found that sensitivity compared to cause-ofdeath determined by medical records varies between communities but is generally relatively high [81% (95% CI: 79-83%)]. However, there was a 28% false-positive rate of classification of CHD mortality by death certificate cause-of-death among participants in the ARIC cohort (Coady et al., 2001 ). Misclassification of CHD-related deaths may impact results from this study, however we do not expect that misclassification would be differential with respect to the exposures of interest for this analysis, and therefore would most likely attenuate results. Deaths prior to the start of follow-up were excluded. Thus, our results are conditional on surviving to enroll in the study. If deaths occurred more often among those with longer work duration or among those who lived closer to the spill, individuals in the higher exposure groups would have been less likely to have survived to be included in our study. This may have resulted in a lower observed risk of heart disease than what would be seen in the underlying target population of all Deepwater Horizon response and clean-up workers.
During the study there were 276 participants who were at risk for a first MI and died of non-CHD causes. At the time of death, these participants had been followed by the study for a period of 10-58 months, and 60 had completed the follow-up interview for the study and reported to have not received a diagnosis of an MI. The 216 who did not complete the follow-up interview were censored either due to death or our inability to reach them for an interview. We assessed crude risk differences of non-CHD deaths by duration of clean-up work and residential proximity to the spill. While work duration was not associated with non-CHD death, living in proximity to the oil spill had a small positive association with non-CHD death. Previous work has demonstrated that unmeasured confounders of the competing risk-exposure relationship can bias the unconditional risk difference estimates but not the conditional hazard ratio and conditional risk differences (Lesko and Lau, 2017) . Therefore, we do not think that bias related to non-CHD death has impacted our estimates, which are based on conditional hazard ratios and conditional risk differences. This feature is a relative advantage of our approach, versus estimating unconditional risk differences.
The GuLF STUDY is the largest prospective study of health effects related to oil spills and is the first to assess heart disease among oil spillexposed populations. This study showed positive associations between Fig. 1 . Cumulative risk curves for duration of clean-up work and self-reported MI/fatal CHD with inverse probability of exposure and censoring weights to account for gender, age, smoking, education, maximum total hydrocarbon exposure, and residential proximity to the oil spill. Risks are equal to the proportion of the number of cumulative cases at the indicated point in time divided by the total number of study participants at risk at that time. Proximity to the oil spill is defined as living in, or adjacent to, a county or parish with coastline oiled during the spill. * The risks are weighted to account for confounders and predictors of censoring.
duration of clean-up work, residential proximity to the oil spill and heart disease up to 5 years after the Deepwater Horizon oil spill. These associations persisted across the follow-up period and were also robust to censoring. Future research should investigate whether specific exposures, such as stress or individual chemical exposures, may drive the observed associations. Fig. 2 . Cumulative risk curves for residential proximity to the oil spill and self-reported MI/fatal CHD, with inverse probability of exposure and censoring weights to account for gender, age, smoking, education, maximum total hydrocarbon exposure, and work duration.
